INTRODUCTION
In Brazil, canine visceral leishmaniasis (CVL) is an infection caused by Leishmania infantum, and it has the sandfly Lutzomyia longipalpis as its main vector. In dogs, CVL occurs slowly and chronically. It presents a broad spectrum of clinical signs, or it is sometimes asymptomatic, depending on the animal's immune competence (MINISTÉRIO DA SAÚDE. 2006) . Cases of canine leishmaniasis precede cases of human infection, considering that the dog plays a key role on the transmission chain of L. infantum, the causative agent of CVL in Brazil (MINISTÉRIO DA SAÚDE, 2006) . Dogs are the main parasite reservoir and source of infection for phlebotomine sandflies in urban areas (MINISTÉRIO DA SAÚDE, 2006) .
The Brazilian Ministry of Health (MH) recommends that serological tests -DPP ® (Dual Path Platform) (DPP CVL) and enzyme immunoassay (EIE) -should be conducted for the screening of dogs (NOTA TÉCNICA N° 01/2011), and that animals with positive results in both tests need to be euthanized as an alternative to disease treatment and a control measure (MINISTÉRIO DA SAÚDE, 2006) .
Euthanasia of infected dogs, in addition to causing great social nuisance, does not seem to be effective, considering that CVL has expanded to non-endemic areas (SILVA et al., 2015) . Therapeutic protocols have also been tested, but the parasitological cure of infected animals has not yet been reported. Some authors suggested that the development of a vaccine could be an effective measure for the control of CVL (PALATNICK-DE-SOUZA, 2008 Such vaccines had their marketing approved by the MAPA; nevertheless, the MH does not recommend their use for public health purposes, considering that the main screening and confirmatory tests (DPP CVL and EIE) are serological, which allows the possibility of the humoral immune response elicited by the vaccines interfere with the diagnosis, in addition to the inability to distinguish vaccinated animals from infected animals in the serological tests recommended by the MH (NOTA TÉCNICA MINISTERIO DA SAÚDE, 2005) . Furthermore, studies to assess the impact of the use of these vaccines for public health purposes are still being conducted (NOTA TÉCNICA INTERMINISTERIAL, 2009) .
In view of the complex scenario for CVL control, it is necessary to investigate other control methods be in order to avoid disease expansion and eventually lead to a decrease in the number of cases. The objective of the present study was to evaluate seroconversion in dogs immunized with the Leishmune ® and Leish-Tec ® vaccines using the DPP ® (Dual Path Platform) (DPP CVL) rapid immunochromatographic assay and the (EIE) enzyme immunoassay for one year after the immunization protocol.
MATERIALS AND METHODS
This is a cohort study conducted with 28 dogs from two kennels of the Brazilian Army. Dogs were submitted to collection of clinical specimens for diagnosis, vaccination against CVL, and assessment of seroconversion using the serological tests for diagnosis of CVL recommended by the Brazilian Ministry of Health (NOTA TÉCNICA no. 01/2011 , New Jersey, USA) vaccine, following the immunization protocol recommended by the manufacturers (3 doses with an interval of 21 days in dogs aged four months or older). The vaccines were purchased independently from suppliers with money from the funding agencies that supported the research.
Vaccines assessed in this study used different antigens to induce the immune response: Leishmune ® is an inactivated vaccine whose immunogen is the fucosemannose ligand (FML) glycoprotein from promastigote forms of Leishmania donovani associated with a saponin-based adjuvant, whereas Leish-Tec ® (Hertape Calier Saúde Animal) uses a recombinant amastigotestage-specific protein, named A2 antigen, present in different Leishmania species, and is able to induce potent type 1 response (RESENDE et al., 2008) .
These dogs were monitored for one year after the immunization protocol -Time 0: clinical examination; collection of samples (blood and bone marrow) for testing and beginning of the vaccination protocol (1 st , 2 nd and 3 rd doses of the vaccine with an interval of 21 days). Time 1 (30 days after the 3 rd dose of vaccine): clinical examination; collection of samples (blood) for further testing. Time 2 (6 months after the 3 rd dose of vaccine): clinical examination; collection of samples (blood) for further testing. Time 3 (1 year after the 3 rd dose of vaccine): clinical examination; collection of samples (blood) for further testing.
For evaluation of possible adverse reactions related to the vaccine, animals were monitored by veterinarians for up to 48 hours after each immunization. The following adverse reactions could occur according to the inserts of the vaccines: transient pain, inflammation and alopecia at the application site, lethargy or anorexia and, in rare instances, allergic or anaphylactic reactions.
The following techniques were utilized as reference standards: DPP ® (Dual Path Platform -DPP LVC), quantitative polymerase chain reaction (qPCR), and parasitological culture. Animals that tested negative in the three techniques used were considered seronegative (healthy), whereas animals that tested positive in at least one of the techniques used were considered seropositive. Only animals considered negative for CVL were included in the survey. Animals older than 8 years and younger than 9 months, pregnant females, and ill dogs were also excluded from the study. DPP CVL was used for diagnosis at time 0 and as seroconversion control after vaccination at times 1, 2, and 3. Volumes of blood or serum without anticoagulant of approximately 5μL were used according to the manufacturer's recommendations. The test was considered positive when the two tracks, referring to the test sample and the control, were visible.
For the search of anti-Leishmania specific antibodies, we used the EIE-leishmaniasis (Biomanguinhos/Fiocurz, Brazil) (EIE-CL) kit, which utilizes Leishmania major-like (MHOM/ BR/76/JOF) promastigote forms produced by Biomanguinhos/Fiocruz as antigen. This exam was used as a confirmatory test in the cases where positive results were obtained in the DPP at any of the examination times, as recommended by the MH.
Polymerase chain reaction (qPCR) and parasitological culture were performed with the bone marrow aspirate of the animals; these techniques were utilized as reference standards at time 0. The protocol for bone marrow and blood collections and the procedure for parasitological culture were conducted as previously described by ABRANTES et al. (2016) .
To conduct qPCR and extraction and purification of DNA from bone marrow, a DNeasy When mounting the reaction plate for running DNA amplification and quantification, 10-fold serial dilutions were performed on samples of DNA extracted from promastigote forms of L. chagasi (MHOM/ BR/1974/PP75) (sin. L. infantum) used in the standard curve for determination of genomic copy number.
Samples were amplified using a StepOne ™ (Thermo Fisher Scientific ® , Basingstoke, UK) platform; each sample was amplified in triplicate. The hydrolysis probe (TaqMan ® MGB, Thermo Fisher Scientific ® , Basingstoke, UK) and PCR primers were designed to target conserved DNA regions of the kinetoplast minicircle DNA (kDNA) from L. infantum, as well as the sequencing method, were previously described in the protocol by FRANCINO et al. (2006) .
Positive and negative controls were used in the amplification and a threshold of 0.1 was established for all samples from the point at which the emitted fluorescence exceeded the limit considered negative. The limit to obtain the detectable results was established at 37 cycles. Samples amplified after cycle 37 were considered undetectable. This test was used for diagnosis at time 0 and as seroconversion control when the DPP CVL was positive in any of the dogs monitored in the study.
To serve as positive control, a group of 10 dogs naturally infected with L. infantum from the endemic area of Barra Mansa, Rio de Janeiro State, were included in the study. Screening was conducted using the tests recommended by the MH. After the clinical examination and sedation of animals, blood samples were collected to perform the DPP CVL and EIE tests and bone marrow samples were collected to perform the reference standard tests following the same methodology used in the immunized animals. After these procedures, dogs were euthanized at the Laboratório de Pesquisa Clínica em Dermatozoonoses -INI/Fiocruz according to the MH recommendation for seropositive animals, using overdose of intravenous sodium thiopental until cardiorespiratory functions are disrupted and death is confirmed.
RESULTS
Monitoring was interrupted in six of the 28 dogs vaccinated; consequently, the study sample was composed of 22 animals (78.5%). Twelve (54.5%) dogs from kennel no. 1 were immunized with Leish-Tec ® and 10 (45.4%) dogs from kennel no. 2 were immunized with Leishmune ® . Mean age was 34.2 months (11 to 66 months) for kennel no. 1 and 34.5 months (9 to 96 months) for kennel no. 2. Mean weight was 29.2kg (18 to 50kg) for kennel no. 1 and 29.8kg (20 to 42.3kg) for kennel no. 2. All of the dogs surveyed presented good general health status. No adverse reactions were observed after immunization upon animal supervision.
Of the 10 naturally infected dogs, seven (70%) were male and three (30%) were female. There were eight (80%) mongrels, one (10%) Poodle, and one (10%) Dachshund. One dog (10%) was asymptomatic, with no clinical signs, and nine were (90%) symptomatic. None of the animals were castrated; mean age was 67.6 months (24 to 192 months); mean weight was 10 kilograms (5 to 15kg).
All vaccinated dogs also showed negative results for CVL in the examinations at Times 1, 2 and 3, except for one dog that was immunized with LeishTec ® and seroconverted in the DPP CVL at Time 2 six months after vaccination. Bone marrow and blood collections were conducted again in this dog and the results in the parasitological culture, qPCR, and EIE were negative. After one year (Time 3), this dog tested negative in the DPP CVL.
All naturally infected dogs had positive in DPP CVL, EIE, parasitological culture and qPCR. After immunization and throughout the development of the immune response, the organism can develop some adverse reactions. In our study, no adverse reactions were observed in the immunized dogs, probably due to the good immunological status and/or because the dogs were of medium to large breeds, considering that dogs of small breeds are more sensitive to pain in the application site. TESTASICCA et al. (2014) A specific immune response to vaccination antigens is of great importance, but it should not cause seroconversion in the serological tests used by the MH for the diagnosis of CVL. Even with the low specificity of the serological tests used (EIE and IFAT) owing to possible cross-reactions with other trypanosomatids (MADEIRA et al., 2009) , their use in epidemiological studies and surveys on CVL control measures is essential because of the ease to obtain samples and their low costs (ALMEIDA et al., 2005) .
DISCUSSION
In studies conducted by the manufacturers of the Leish-Tec ® and Leishmune ® vaccines using the EIE technique for the detection of humoral response to homologous proteins (A2 and FML, respectively), TESTASICCA et al. (2014) reported positivity of 98% in animals immunized with Leish-Tec ® ; this value decreased to 81% after six months, and returned to 98% two months after the boosting vaccine dose (14 months after the priming vaccination). Similarly, NOGUEIRA (2005) observed seropositivity of 100% in dogs immunized with Leishmune ® for up to 11 months. With respect to the positivity assessment of the tests used by the MH, seroconversion in dogs vaccinated with Leishmune ® was reported in DPP and EIE 6 months after the vaccination protocol (MARCONDES et al., 2013) . In contrast, dogs immunized with LeishTec ® , monitored up to 14 months after the priming vaccination, did not present seroconversion in the MH tests (TESTASICCA et al., 2014) .
In a similar study, but conducted with animals from an endemic region monitored for one month after vaccination, 22 dogs were immunized with Leishmune ® and 22 with Leish-Tec ® . None of the dogs vaccinated with Leish-Tec ® seroconverted in the DPP CVL and 9% seroconverted in the EIE, whereas 9% of the dogs immunized with Leishmnune ® seroconverted in the DPP CVL, 73% seroconverted in the EIE, and 9% presented inconclusive results (SOLCÀ et al., 2013) .
In this survey, 21 (95.4%) dogs did not seroconvert at the three monitoring times when DPP CVL was used as the screening test and EIE was used as the confirmatory test. One animal seroconverted in the DPP CVL six months after the vaccination protocol with Leish-Tec ® , but negative results were reported in the confirmatory tests (EIE and parasitological culture). After a year, the same dog tested negative in the DPP CVL.
Although both vaccines tested use purified antigens or recombinant DNA molecules different from those that compose the DPP CVL and EIE, false positive cases may occur due to cross-reactivity with other pathogenic trypanosomatids in serological tests (ALVES et al., 2012) . Previous studies have shown higher levels of seroconversion to the MH tests (SOLCÀ et al. 2013; MARCONDES et al., 2013) ; however, the highest seroconversion rate has always been verified in the EIE, formulated with complete L. major antigen promastigotes, presenting low concentrations of vaccine antigens, which would justify these findings.
In contrast, the DPP seroconversion rate has always been very low in these studies, which corroborates our results. As DPP utilizes a recombinant antigen different from those that compose both vaccines, this positivity could occur owing to cross-reaction with other trypanosomatids or a natural Leishmania infection in connection with a possible flaw in the immunity induction by the vaccine (TESTASICCA et al., 2014) . As the main objective of this study was to assess whether both vaccines would be able to induce an erroneous CVL diagnosis using the diagnostic protocol recommended by the MH, only dogs with positive results in the DPP were also tested in the EIE.
Studies show that the sensitivity and specificity of the DPP CVL technique may reach 87.5% and 73.3%, respectively (SCHUBACH et al., 2014) , and that significant improvement in the diagnostics of CVL has been observed since the new protocol (DPP CVL and EIE) was implemented (SCHUBACH et al., 2014) . Our study demonstrated that the methodology using DPP CVL and EIE, is sensitive, specific, and able to separate truly positive dogs from those immunized for CVL.
CONCLUSION
Results of this study demonstrated that, even at different assessment times, dogs vaccinated against canine visceral leishmaniasis, regardless of the vaccine used, were not able to seroconvert under the protocol used by the Brazilian Ministry of Health (DPP/EIE); therefore, no dog would have been mistakenly euthanized in the population investigated.
